Abstract Chromosomal heterogeneity is a hallmark of most tumors and it can drive critical events as growth advantages, survival advantages, progression and karyotypic evolution. Medulloblastoma (MB) is the most common malignant central nervous system tumor in children. This work attempted to investigate chromosomal heterogeneity and instability profiles of two MB pediatric cell lines and their relationship with cell phenotype. We performed GTG-banding and cytokinesis-block micronucleus cytome assays, as well as morphological characterization, cell population doubling time, colony-forming efficiency, and chemo-sensitivity assays in two pediatric MB cell lines (UW402 and UW473). Both MB cells showed a high chromosomal heterogeneity. UW473 cells showed *2 fold higher both clonal-and non-clonal chromosomal alterations than UW402 cells. Besides, UW473 showed two clonal-groups well-differentiated by ploidy level (\2n[and\4n[) and also presented a significantly higher number of chromosomal instability biomarkers. These results were associated with high morphological heterogeneity and survival advantages for UW473 and proliferation advantages for UW402 cells. Moreover, UW473 was significantly more sensitive to methotrexate, temozolomide and cisplatin while UW402 cells were more sensitive to doxorubicin. These data suggest that distinct different degrees of karyotypic heterogeneity and instability may affect neoplasic phenotype of MB cells. These findings bring new insights into cell and tumor biology.
Introduction
Medulloblastoma (MB) is an aggressive and invasive embryonal central nervous system (CNS) tumor (WHO grade IV) and mainly affects children (Pomeroy et al. 2002; Louis et al. 2007 ). This tumor arises from cerebellar stem and precursor cells and has a tendency to metastasize via cerebrospinal fluid (Read et al. 2006; Louis et al. 2007 ). Current management strategies have achieved a 5-year survival rate of 60-80 % (Packer and Vezina 2008) . Nevertheless, the aggressiveness and response to therapy can vary considerably between cases, with approximately 30 % of patients dying within 2 years from diagnosis (Pfister et al. 2009 ). The quality of life in long-term survivors is another major issue, because most surviving children have devastating neurologic and cognitive sequelaes (Finlay et al. 2007; Packer and Vezina 2008; Pfister et al. 2009 ).
Additionally, MB is characterized by high chromosomal heterogeneity showing aneuploid karyotypes with complex chromosomal aberrations (Bayani et al. 2000; Cohen et al. 2004 ). Some recurrent chromosomal changes have been recently reported to predict survival in MB patients including loss of 17p (Batra et al. 1995; Lamont et al. 2004) , gain of 17q (Pfister et al. 2009 ), presence of an isodicentric chromosome 17 (idic(17)(p11.2)) (Lamont et al. 2004; Pan et al. 2005) , gain of 1q (Lo et al. 2007 ) and monosomy 6 (Thompson et al. 2006) .
Recently, molecular studies have demonstrated that MB is not a single disease, but comprises a collection of four distinct molecular subgroups (Cho et al. 2011; Kool et al. 2008; Northcott et al. 2011; Remke et al. 2011a, b; Thompson et al. 2006) . Two of these subgroups are characterized by either activated WNT or SHH signaling, consistently show the most distinct genetic profiles, and remain Non-WNT/Non-SHH tumors named Group 3 and Group 4. These four subgroups are transcriptionally, genetically, cytogenetically, demographically, clinically, and prognostically distinct, demonstrating high tumor heterogeneity .
Certainly, with the identification of these subgroups, news challenges appear for the scientific community for instance to determinate the true extent and nature of inter-tumoral heterogeneity, identify and characterize more the biological models representative of these subgroups, as well as the development of targeted therapies using these models.
Nowadays, cell lines represent an effective tool to study tumor biology, including cytogenetic and molecular heterogeneity, neoplasic behavior, biological pathways of tumor maintenance, chemo-and radiosensitivity, as well as testing new targeted therapies (Keles et al. 1995; Aldosari et al. 2002) . However, there are relatively few pediatric MB cell lines reported in the literature.
Although the establishment of patterns for recurrent chromosomal alterations is difficult for most solid tumors due to the high level of chromosomal heterogeneity (Albertson et al. 2003; Heng et al. 2006a) , cytogenetic analyses based on identification of recurrent chromosomal alterations have provided useful information in malignancy biology. However, attention has been focused primarily on recurrent chromosomal alterations, while random chromosomal alterations have been disregarded as background noise or incidental findings of clinical insignificancy (Albertson et al. 2003; Mitelman 2000) .
The chromosomal heterogeneity is a hallmark of most tumors (Selvarajah et al. 2006; Glanz et al. 2007 ) and can be visualized by the coexistence of cytogenetically related cell populations (sidelines) that share several common chromosome anomalies and exhibit unique karyotypic characteristics (Heim and Mitelman 1994) . It is represented by clonal (CCA) and nonclonal (NCCA) chromosomal alterations, essential elements for evolution and development of cancer, driving critical events as growth and survival advantages and karyotypic evolution (Heng et al. 2006a, b; Shaffer and Tommerup 2005) . Moreover, since this model could be applied from transition to metastatic disease and in treatment resistance evaluation, it has been recently suggested the integration of monitoring of both NCCAs and CCAs into the standard practice of clinical cytogenetic reporting (Heng et al. 2006b (Heng et al. , 2010 Ye et al. 2007; Bayani et al. 2007 ).
This work attempted to investigate chromosomal heterogeneity and CIN profiles of two MB pediatric cell lines and their possible relationship with cell phenotype. Cytogenetic analysis and identification of chromosomal instability (CIN) biomarkers as well as evaluation of cell morphology, growth kinetics, clonogenic capacity and chemo-sensitivity were performed.
Materials and methods

Cell culture
Pediatric medulloblastoma cell lines UW402 and UW473 were kindly provided by Dr Michael S. Bobola (Department of Neurological Surgery, University of Washington, Seattle, WA, USA). Cells were cultured in HAM-F10 medium supplemented with 10 % fetal bovine serum (FBS, Gibco BRL, Life Technologies, Carlsbad, CA, USA), penicillin (100 U/mL) and streptomycin (100 lg/mL) at 37°C in a humidified atmosphere of 5 % CO 2 incubator. For maintenance purposes, cell lines were passaged once or twice a week using 0.05 % trypsin in 0.02 % EDTA. The medium was changed twice a week under all culture conditions. Culture medium, antibiotics, trypsin, and EDTA were purchased from Sigma (Sigma-Aldrich, São Paulo, Brazil).
Chromosomal analysis
Metaphase cells were harvested from exponentially growing cultures and mitotic arrest was performed by addition of 25 lg/mL of colchicine for 10-14 h at 37°C. After, cells were detached, exposed to hypotonic potassium chloride solution (0.075 M) for 15-30 min and fixed with three washes of Carnoy's fixative (3:1; methanol : glacial acetic acid). Metaphase spreads were prepared and artificially aged overnight at room temperature. The chromosomes were G-banded (GTG), stained with Giemsa and analized by following routine cytogenetic procedures (Brassesco et al. 2009 ). Twenty-one metaphases were karyotyped and the CCAs and NCCAs were described according to the International System for Human Cytogenetic Nomenclature ISCN 2005 (Shaffer and Tommerup 2005) . For objective of our study, we defined the chromosomal complexity based on three different factors: ploidy, numerical abnormalities and structural rearrangements.
Cytokinesis-block micronucleus cytome (CBMN-Cyt) assay
To determine the proliferative status and quantify the CIN phenotype of each MB cell line, we performed the CBMN-Cyt assay using Cytochalasin-B (Cyt-B; Sigma-Aldrich, São Paulo, Brazil), an inhibitor of mitotic spindle that prevents cytokinesis, according to Fenech's protocol (Fenech 2007) Morphological characterization, growth kinetics, cell population doubling time and colony forming efficiency Sub-confluent cultures of each cell line were washed with PBS 1X, fixed with methanol and stained with Giemsa. The cells morphological features were determined by direct observation under inverted microscope and in photomicrographs. To determine the growth kinetics and doubling time, exponentially growing cells were seeded in 24-well plates at a density of 2 9 10 4 and 6 9 10 4 cells per well. Cell counts were performed in 24-h intervals for 8 days and cell population doubling time (DT) was estimated from the linear phase of the growth curve previously obtained. This value represents the period of time required for a cell population double its size. The colony forming efficiency (CFE) was obtained performing the protocol of Franken et al. (2006) with some modifications. Briefly, 300 cells per well were seeded in six wells plates and incubated for 9 days, then the cells were washed once with PBS 1X, fixed with methanol, and stained with Giemsa. The colonies containing more than 50 cells were counted and the CFE was calculated by the Ratio = (number of colonies formed/number of cells initially seeded) 9 100 %. All assays were performed independently for at least three times in triplicate.
Cell cycle analysis
To calculate the cell cycle distribution of UW402 and UW473 cells, 1.5 9 10 5 cells were seeded in 25 cm 2 tissue culture flasks and cultured for 48 h. Than the cells were detached, suspended in PBS 19 and stained with propidium iodide (PI) using the CycleTEST TM PLUS DNA reagent kit (Becton-Dickinson Immunocytometry Systems, San Jose, CA, USA). The DNA content of the stained cells was immediately analyzed using a FACSCalibur (Becton-Dickinson, Franklin Lakes, NJ, USA). At least 10,000 events were acquired and the percentages of cells in G0/G1, S and G2/M phases were calculated using ModFit LT software (Verity Software House, Topsham, ME, USA). Values represent the mean ± standard deviation (SD) of three independent experiments performed in triplicate.
Drugs and chemo-sensitivity assay
Cisplatin powder (CDDP) was dissolved in saline solution and sonicated for 1 h, according to Fischer et al. (2008) . Doxorubicin (DX), Methotrexate (MTX), and Temozolomide (TMZ) were diluted in dimethylsulfoxide (DMSO; Mallinckrodt Chemical Works, St. Louis, MO, USA). After preparation, all stock solutions were kept at -20°C and dissolved in culture medium immediately before the experiments. All reagents were purchased from Sigma (SigmaAldrich, São Paulo, Brazil).
To investigate cell chemosensitivity toward MTX, DX, TMZ and CDDP, proliferation assays were conducted. Cells were seeded in 96-well plates at 2 9 10 3 cells per well and maintained in culture for 24 h. After this period, fresh medium containing 0-24 mmol/L CDDP, 0-5 mmol/L DX, 0-50 mmol/L MTX, or 0-2,000 mmol/L TMZ was added. After 72 h of treatment, the culture medium was exchanged for a culture medium containing XTT dye (3 mg/mL) per well (XTT II; Roche Molecular Biochemicals, Indianapolis, IN, USA). The plates were incubated for 2 h at 37°C and formazan product was measured at 450 nm/655 nm using an iMark microplate reader (Bio-Rad Laboratories, Hercules, CA, USA). Values represent the mean ± standard deviation (SD) of at least three independent experiments performed in triplicate. The IC 50 value was defined as the concentration required for a reduction of 50 % in the cell proliferation and was calculated using the Calcusyn software (Biosoft, Ferguson, MO, USA).
Statistical analysis
To assess differences between means, statistical analyses was carried out using Student's t test (paired) or analysis of variance (ANOVA), followed by the Bonferroni-Dunn post hoc test. A value of p \ 0.05 was considered statistically significant.
Results
UW473 cells show to have more karyotypic heterogeneity than UW402 cells
Based on ploidy, numerical abnormalities and structural rearrangements, it was observed that UW402 cell line have a clonal population cytogenetically well established, composed of hyperdiploid karyotypes with modal number 55 (50-57) (Fig. 1a) , while UW473 cell line presented two clonal populations well distinguished by ploidy level, a group with hyperdiploid modal number 54 (52-58) (Fig. 1b) and another group with near-tetraploid modal number 95 (88-104) (Fig. 1c) .
For UW402, the main numerical abnormalities were trisomy of chromosomes 9, 19 and 22; while for UW473 were ?1, ?5, and -15 (Table 1) . Both cell lines presented many clonal structural chromosomal abnormalities. All UW402 cells analyzed showed four common structural aberrations: ?del(1) (p34), t(1;?)(q43;?), add(7)(p21) and del(7)(q22;q31). Isochromosome 17q was observed in 86 % of the cells, as well as four chromosome markers (mar 1-4) in all analyzed cell. On the other hand, the most common structural rearrangements in UW473 cells were: del(4)(p13), ?del(7)(q22q32), der(7)t(7;?;?)(q22;q32;?), and i(13)(q10). Additionally, we found six chromosome markers (mar 1-6) and double minutes (dm) in 53 % of the analyzed UW473 cells (Table 1) .
Considering numerical and structural alterations, we identified more CCAs in UW473 than in UW402 cells (26 vs. 14) . Among the structural CCAs, we identified rearrangements mainly on the chromosomes 1 and 7 zin both cell lines. Deletions of chromosome 1 were found in 100 % of UW402 and in 23 % of UW473 cells, while structural rearrangements in chromosome 7 were observed in 100 % of the analyzed cells for both cell lines. We also documented several non-clonal chromosomal alterations, mainly in UW473 cell line (23 vs. 12). Considering the origin of these NCCAs, they were mainly numerical in both cell lines (100 % for UW402 and 87 % for UW473) (Table 2) .
Therefore, we consider that UW402 cell line has a chromosomal composition relatively more stable than UW473 due to the presence of four types of CCAs in all analyzed cells and the presence of fewer NCCAs compared to UW473 cells. Moreover, UW473 has a notable karyotypic complexity observed at different levels (ploidy, numerical and structural).
Evidence and levels of MNi, NPBs and NBUDs indicate a dominant CIN phenotype in MB cells
We choose the CBMN-Cyt assay to validate the proliferative status and quantify CIN phenotype of both cell lines. We found significant differences between the numbers of mono-, bi-, tri-and tetranucleated cells in both cell lines and, consequently, significant differences between NDI values (Fig. 2a) . As result, we noticed that UW402 cells have a proliferative potential significantly higher than UW473 cells (NDI = 2.02 ± 0.13 vs. 1.74 ± 0.06, respectively; p \ 0.001). We also identified the presence of all CIN biomarkers in both MB cell lines: MNi, NPBs and NBUDs. The MNi was the most common biomarker and it was observed in 11.58 and 11.87 % of UW402 and UW473 BN cells, respectively (Figs. 2b, 3 ). Besides that, most MB cells showed only one MN, but others also presented two, three, four or five MNi (Fig. 3) . Consequently, the total number of MNi identified in 4000 cells evaluated for each cell line was 159 ± 26.96 and 153.7 ± 30.7 for UW402 and UW473, respectively. On the other hand, we found that UW473 has a significantly higher number of NPBs (36 ± 7.12 vs. 23.5 ± 4.24; p = 0.037) and NBUDs (61.8 ± 7.14 vs. 29.25 ± 17.01; p = 0.013) when compared to UW402 cell line, respectively (Figs. 2b, 3) .
Despite the MNi, NPBs and NBUDs found in mono-, bi-, tri-or tetra-nucleated cells, we also identified some aberrant mitotic figures in both cell lines (Fig. 3) . However, these observations were not included in the instability analysis because of our criteria of inclusion.
MB cell lines are morphologically heterogeneous
The two cell lines are adherent and grow in monolayers with no contact inhibition at high cell density, as described previously (Keles et al. 1995) . Microscopically, both cell lines exhibited morphological heterogeneity, composed predominantly by populations with small rounded cells, spindle-shaped or with (Fig. 4a) . The UW473 cells were morphologically more complex than UW402 and presented heterogeneous groups of elongated smooth cells with round nuclei containing 1-3 nucleoli. Moreover, some cell populations with anaplastic phenotype and an important cell population characterized by pyramidal shape and evident cytoplasmic extensions, typical of mono-or multi-nucleated nerve cells, were also identified in the UW473 cell line (Fig. 4b) .
MB cells have different proliferation profiles, clonogenic capacity and cell cycle
To evaluate the growth kinetic of MB cells, the doubling time (DT) of each cell line was determined. DT UW402 was significantly lower than DT UW473 , which means that UW402 cells have a higher proliferative capacity and need less time to duplicate their population than UW473 cells regardless of initial plating concentration (2 9 10 4 or 6 9 10 4 cells), observed in the (Table 3 ; Fig. 4c, d ).
When the clonogenic capacity was investigated, the CFE was significantly and dramatically different between both cell lines, with UW473 having almost 3 fold higher CFE (UW473 33 % vs. UW402 12 %), as shown in Table 3 .
Analyzing the distribution of cell cycle, we determined that the highest cell population was in the G1-G0 phase for both cell lines. Statistical differences were found in this cell cycle phase between UW473 (59.15 %) and UW402 (52.07 %) (p = 0.014). Moreover, the proportion of cells in S phase was significantly higher in UW402 than in UW473 cell line (40 vs. 30 %, respectively, p = 0.038). No statistical difference was found between cell populations in G2-M phases in both cell lines (Table 3 ; Fig. 4e, f) .
UW473 cells are more sensitivity to TMZ, CDDP and MTX, except to DX
The proliferation assay at 72 h was used to determinate and compare the IC 50 values of both cell lines for TMZ, CDDP, MTX and DX. We found differences between cell lines response of both cell lines to these drugs. The IC 50 values were significantly lower for UW473 than for UW402 cells in the treatments with TMZ (600.0 ± 24.4 lM vs. 2088.4 ± 503.7 lM; p \ 0.01), CDDP (2.3 ± 0.06 lM vs. 3.6 ± 0.08 lM; p \ 0.05) and MTX (0.0012 ± 0.001 lM vs. 2.03 ± 0.4 lM; p\0.001). The opposite happened for DX (0.436 ± 0.46 lM vs. 0.043 ± 0.04 lM, p \ 0.05) (Fig. 5) , which indicate that UW473 cell line is more sensitive than UW402 towards TMZ, CDDP and MTX, except to DX treatment.
Discussion
Tumor heterogeneity is a hallmark of solid tumors and it has been described from different perspectives, including cell morphology variations, tumor cell kinetics, metabolism, gene profile, chemo-sensitivity, metastatic potential, ploidy level, immunophenotype, DNA content, and cancer stem cell populations (Könemann et al. 2000; Hanahan and Weinberg 2011; Binda et al. 2012) . As many solid tumors, MB is a heterogeneous tumor and its distinct heterogeneity at cellular level has been associated with substantial differences in its biological behavior (Huse and Holland, 2010) .
Chromosomal heterogeneity is a product of a dynamic relationship between NCCAs and CCAs within an evolutionary context, which can also explain why some tumor cell lines display relatively stable abnormal karyotypes, while others have a greater degree of variation (Heng et al. 2006a, b) . Considering these concepts, we demonstrated that both MB cell lines evaluated in this study presented tumor heterogeneity at different levels.
Morphologically, both cell lines were highly heterogeneous. However, UW473 exhibited more cellular heterogeneity than UW402. This observation was the first trace of heterogeneity between the cell lines. Considering the principle where intra-tumor morphological differences are a result of functional and genetic differences among cell subpopulations within a tumor, we investigated other functional key features to better understand their relationship.
At the chromosomal level, many authors have described that two well established chromosomal profiles may be generated by the karyotypic evolution process: the first one with a high frequency of CCAs, a pattern which provides growth advantage, and the second one characterized by a high frequency of NCCAs, a pattern which provides survival advantage (Albertson et al. 2003; Heng et al. 2006c; Bayani et al. 2007; Ye et al. 2007 ). Comparison of DT and NDI values showed that UW402 cells have higher proliferative capacity than UW473 cells (DT UW402 \ D-T UW473 and NDI UW402 [ NDI UW473 ), on the other hand, UW402 had significantly less capacity to form colonies than UW473. After cytogenetic investigation, we considered that MB cell lines fitted to the previous concept due their distinct chromosomal status. Thus, UW402 cells presented a more stable chromosomal status associated with a higher proliferative capacity (growth advantage) than UW473, whereas UW473 was chromosomally less stable and demonstrated higher ability to form colonies (survival advantage).
Some CCAs have also been proposed as independent prognostic markers and determinants of new MB subtypes (Lamont et al. 2004; Gilbertson and Ellison 2008; McCabe et al. 2011) . Here, we identified many numerical and structural alterations in both cell lines evaluated, mainly chromosomal gain and structural rearrangement of chromosome 1 and 7. Likewise, cytogenetic studies performed in other MB cell lines and short-time cultures also have reported a high frequency of structural rearrangements on chromosomes 1, 7 and 17 (Bayani et al. 2000; Aldosari et al. 2002) .
Our study identified also the presence of isochromosome 17q only in UW402 cells. This chromosomal marker is by far, the most consistent cytogenetic 
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[21] ?der (7) a Sexual chromosomes were excluded of analysis criteria observation in MB, being observed in approximately one-third of MBs and considered as negative prognostic factor (Biegel 1999; Pan et al. 2005 ). According to Bayani et al. (2000) , the combination of 17q gain and 17p loss, as consequence of i(17q) formation, may provide a selective growth advantage to MBs, leading to tumor progression. These data could also explain the higher proliferative capacity and growth advantages observed in UW402 when compared to UW473 cells. Moreover, we correlated the cytogenetic findings of both cell lines to chromosomal profiles described for each MB group of new molecular classification in the meta-analysis paper by Kool et al. (2012) . Interestingly, this classification system differentiates among two subgroups well characterized in their molecular pathways with few common chromosomal alterations (Group Wnt and Group Shh), and two subgroups molecularly less well characterized harboring a high number of chromosomal alterations (Group 3 and Group 4) . Group 3 and Group 4 are characterized by high prevalence of mechanism of genomic structural variation, including somatic copy number aberrations, chromothripsis, tetraploidy, and high genomic instability Northcott et al. 2012) , all these mechanisms are related to high cytogenetic heterogeneity. Aditionally, survival analyses showed a clear and significant difference in overall survival between the four molecular subgroups, and of particular interest, the worst outcome was seen for patients within the Group 3 and/or Group 4 tumors, reinforcing the necessity of more studies and to obtain more representative models, mainly of these MB groups.
In our investigation, many chromosomal alterations found in both cell lines are common between Group 3 and Group 4, as for instance, the gain of chromosomes 1 and 7. However, certain rearrangements appear to be most prevalent in a determined group, or could be exclusive of a specific cell type. The chromosomal alterations del (4p), ?5, -10, ?13, -15, -16, and ?18, found in the UW473 cell line, have been described as most prevalent in Group 3 tumors, suggesting us that this cell line could be representative of Group 3 tumors. Furthermore, the concomitant alterations -17p and ?17q, both represented by isochromosome 17q and found exclusively in the UW402 cell line, are mainly found in the Group 3 (42 and 62 %, respectively) and Group 4 (63 and 73 %, respectively). These findings guide us to suggest that UW402 could be cytogenetically representative of either Groups 3 as well as Group 4. Therefore, these MB cell lines gain methodological relevance, not only by their distinct cytogenetic heterogeneity, but also by the possibility of using them as models of MB tumors of worst outcome, such as Group 3 or 4 tumors.
Besides the clonal alterations observed, we also documented many NCCAs, mainly in UW473 cells. This high chromosomal heterogeneity found in UW473 cell line at karyotypic level, ploidy level and the well-differentiated clonal groups (\2n[ and \4n[) suggests a polyploidization origin of this cell line, followed by acquisition of numerical and structural changes, a common mechanism that lead to intratumoral cytogenetic heterogeneity and CIN in Data represent mean ± SD of three independent experiments. *p \ 0.05; **p \ 0.01; ***p \ 0.001. MN micronucleus, NPB nucleoplasmic bridge, NBUD nuclear bud MB cells, as described by Cohen et al. (2004) . Moreover, Roschke et al. (2003) , analyzing 59 cancer cell lines, have found association between structural complexity of karyotype and modal chromosome number, which can be strongly driven by CIN (Lee et al. 2011) . In our study, we found that both MB cell lines showed a significant number of NCCAs and a high chromosomal heterogeneity. However, this observation was noteworthy for UW473 cells, which demonstrates its relationship with high intrinsic CIN levels.
Aneuploidy and CIN contribute for the chromosomal heterogeneity in tumor cells (Sheltzer and Amon 2011; Gordon et al. 2012) . Here, we found not only highly complex aneuploidy, but also CIN phenotype investigated by CBMN-Cyt assay. In our study, the marked presence of MNi and NBUDs without any stimulus demonstrates evident traces of mitotic errors and reinforces the CIN phenotype in both cell lines evaluated. The MNi are the result of lagging or broken chromosomes (double strand breaks), chromatid cohesion defects, telomere fusions or fragmentation of anaphase bridges (NBUDs) (Shimizu et al. 2005; Fenech 2007 ). Although we did not find differences in MNi quantity between the cell lines, we found that UW473 showed significantly more NPBs and BUDs than UW402 cells, important biomarkers of a chromosomally instable phenotype (Gisselsson et al. 2000; Gisselsson 2008) .
It has been suggested that adverse outcome associated with CIN may be related to high tumor cell heterogeneity driving the ability of tumors to adapt to environmental stress, including drug treatment (Chandhok and Pellman 2009; Nicholson and Duesberg 2009 ). Here we found different degrees of sensitivity to chemotherapeutic drugs between MB cell lines. UW473 cells were relatively more sensitive to CDDP, MTX, and TMZ treatments and more resistant to DX than UW402 cell line. Although it has been largely described that CIN confers intrinsic multidrug resistance in tumors (Sheltzer and Amon 2011; Lee et al. 2011 ) and consequently poorer prognosis in cancer patients (Carter et al. 2006) , in our study, UW473 showed a greater CIN phenotype and it was more chemosensitivity than UW402, which could confirm the hypothesis that excessive genomic instability may surpass a threshold compatible with cell viability (Cahill et al. 1999 ). This concept has been recently corroborated in the clinical context through studies reporting a paradoxical relationship between CIN and survival outcome in cancer, being that tumors exhibiting extreme CIN displayed improved prognosis relative to tumors with intermediate levels of CIN Roylance et al. 2011; McGranahan et al. 2012; Lee and Swanton 2012) .
These results are partially explained by evidence that aneuploidy in eukaryotic cell systems negatively impacts upon cell biological fitness (Torres et al. 2007; Williams et al. 2008 ) and excessive CIN may induce autonomous cell lethality (Kops et al. 2004 ; Janssen Birkbak et al. 2011 ). Therefore, it is possible that even in an in vitro environment, as investigated in our study, chromosomally unstable cancer cells could favorably respond to certain chemotherapeutic drugs. We consider that these interesting results need to be viewed with caution due to the fact that only two MB cell lines were investigated and in some situations the cell response in culture might not always mirror the clinical situation. Nevertheless, further investigation to determinate how CIN could provide no growth advantage and even be deleterious for cancer cell survival through an evolutionary scenario similar to ''mutational meltdown'' in bacteria (Lynch et al. 1993) or ''error catastrophe'' in viruses (Eigen 2002) , is needed not only in MB cells, but also in many other cancer cell types. Additionally, we believe that understanding the mechanisms underlying CIN could provide insight into the cellular consequences and will reveal the possibility to explore it in MB therapy or other cancers. In summary, these data display how the cells could be affected by their cytogenetics status and how this status could influence tumor biology. These findings reinforce the importance of the cytogenetic field in the investigation of tumor heterogeneity and cancer biology, including MB. Moreover, it enhances the relevance of CIN phenotype as survival predictor and as an attractive therapeutic target in clinical and preclinical contexts along with appropriated MB in in vitro models. Fig. 5 Chemosensitivity differences between both MB cell lines. Cell lines were exposed to increasing concentrations of TMZ, CDDP, MTX and DX for 72 h and the proliferation was determined by XTT assay. The IC 50 value was defined as concentration required by each drug for a reduction of 50 % in the cell proliferation. Data represent mean ± SD of three independent experiments. *p \ 0.05; **p \ 0.01; ***p \ 0.001. TMZ temozolomide, CDDP cisplatin, MTX methotrexate, DOX doxorubicin 
